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• Aspergillus brasiliensis ATCC 164004 For all microorganisms a fresh overnight culture was prepared which was then diluted with thioglycollate medium to reach a final dilution of 100-1,000 colony forming units (CFU per ml. The dilution was performed using a photometry method. 100 l of this solution were given into the blood culture bottles to have a spiking volume of 10-100 microorganisms.
At first 10 ± 1 ml of the different test solutions were transferred into the test vials using a syringe with a cannula under sterile conditions. The cornea culture medium was stored at 32 ± 1 °C for 3 days to simulate a common time point of its microbiological testing and to allow related changes during incubation. The Ringer solution as processing solution after femoral head thermal disinfection was stored after its preparation at -18 ± 2 °C until use and then defrosted and warmed to room temperature. The cooled HTK solution (6 ± 2 °C) was used directly from its original packing. As second step 100 l of the microorganism solution was injected into the blood culture bottles, again under sterile conditions.
At least 2 test vials were spiked for all 4 different solutions. For S. aureus aerobic and anaerobic test vials were used. The test for B. subtilis was repeated completely once because of absence of microbiological growth in the cornea organ culture media in the first run. For every test microorganism two bottles were spiked with the solution only (negative control) and two with the microorganisms only (positive control). Altogether 88 blood culture bottles were included in this validation study.
All spiked blood culture bottles were stored at room temperature (20 ± 4 °C) for 12 h to simulate the transport from the tissue bank to the microbiolo gical laboratory and then transferred to the BACTEC™ FX unit for in cubation at 35 ± 1 °C and automatic reading using a CO 2 /fluorescein method. The blood culture bottles were left in the BACTEC™ FX unit until the detection of microbiological growth or to a maximum of 14 days. The time point of microbiological growth was recorded automatically and later evaluated and calculated in hours after insertion into the BACTEC™ FX unit.
Through subculturing on blood agar plates or Sabouraud agar plates, the pure culture and the typical morphology of the colonies were proven for all positive blood culture bottles (20 l liquid per bottle, incubation for 48 h for blood agar and 7 days for Sabouraud agar before evaluation). All negative test vials were examined the same way to prove absence of microorganisms using 100 l of liquid.
Results
All results are shown in table 1, indicating the duration in hours until the microbial growth was detected by the BACTEC™ FX unit. All positive controls showed confirmed growth of the inserted test microorganism. All negative controls remained sterile. The liquid from all negatively tested spiked blood culture bottles did not show any microbial growth on the agar plates.
The detection rate of the test microorganisms in presence of HTK and Ringer solution did not differ significantly from the positive controls. The mean duration until growth of microorganisms was detected was 9.25 h in the positive controls
Introduction
The explantation, transport, and processing of tissues always carry a significant risk of microbiological contamination. Therefore, microbiological testing of tissue preparations is of great importance for the safety of the recipient.
Blood culture bottles are well established for the testing of blood and other body fluids (e.g. cerebrospinal fluid, ascites) of patients suspected of having an infection [1, 2] . Some systems contain special substances that inactivate antibiotics to enhance the sensitivity of microbial growth [3, 4] . Such professional test systems are easy available in high quantities for hospitals and microbiological institutions with a low expenditure of human labor at affordable costs. This makes blood culture bottles also an interesting test system for tissue banks. Since blood culture bottles are only validated by the manufacturer for blood and blood products, an additional validation for the use of fluids from tissue preparations is necessary. Such a validation should follow the guidelines of the European Pharmacopoeia because tissues and tissue preparations are under the regulations of the drug law in many European countries, as it is in Germany.
Material and Methods
The BD BACTEC™ culture vials (Becton Dickinson and Company, Sparks, NV, USA) were used. For our validation we followed the guidelines of the European Pharmacopoeia chapter 2.6.1.
[5].
The following solutions, which are used in the daily routine of our multitissue bank, were tested: i) Cornea organ culture medium with the following composition without and with 6% dextran 500 (as it is used for detumescence of organ-cultured corneas): 2,000 ml contain 200 ml minimal essential medium with Earl's salts (10×) ; 40 ml fetal calf serum (concentration of 2%), 20 ml penicillin/streptomycin 10,000 U / 10,000 g/ml (final concentration of 62.5 g/ml penicillin und 100 g/ml streptomycin), 20 ml amphotericin B 250 g/ml (final concentration 2.5 g/ml), 20 ml Lglutamin (200 mmol/l), 25 ml HEPES buffer (1 mol/l), 58.6 ml NaHCO3 (7.5%), and 1,616.4 ml distilled water. ii) Histidine-tryptophan-ketoglutarate (HTK) solution (Custodiol ® , Dr. Franz Köhler Chemie GmbH, Bensheim, Germany) which is used to store and transport explanted cardiovascular tissues from the donor site to the tissue bank. 1 l made of distilled water contains 0.8766 g NaCl, 0.6710 g KCl, 0.1842 g potassium-hydrogen 2-ketoglutarate, 0.8132 g MgCl 2 6.5 g NaCl, 0.42gKCl, 0.25g CaCl2 2 H2O, 1 mol of NAHCO3 dissolved in 1 l of distilled water. The Ringer solution is used for thermal disinfection of femoral heads in the Marburg Bone Bank System 'Lobator SD' and was used after standard processing in our tissue bank as described before [6] . We used the BACTEC™ Plus Aerobic/F and Anaerobic/F culture vials for the cornea culture medium. This culture vials contain nonionic adsorbing and cationic exchange resins which inactivate antibiotics [4, 7] . BACTEC™ Standard Aerobic/F and Anaerobic/F culture vials were used for HTK and Ringer solution. The following test microorganisms were used for this validation study: The use of antibiotics in cornea organ culture medium is a helpful method to significantly reduce the microbiological contamination of donor corneas and to make them safe for the recipients [8] . Several studies have shown that donor corneas are significantly contaminated with microorganisms even after disinfection of the globe [9] [10] [11] . Therefore, penicillin-, streptomycin-and amphotericin B-containing cornea culture medium was examined in combination with BACTEC™Plus Aerobic/F and Anaerobic/F blood culture bottles with antibiotic adsorbing resins. Nzeako et al. [12] found a high inactivation rate of different antibiotics by the BACTEC™Plus resins up to a antibiotics concentration of 100 g/ml. According to the European Pharmacopoeia guidelines we used S. aureus, B. subtilis and P. aeruginosa as aerobic bacteria, C. sporogenes as anaerobic bacteria, and the fungi C. albicans and A. brasiliensis [5] .
All these microorganisms were detectable in all analyzed fluids using the BACTEC Standard or the BACTEC Plus Aerobic/F and Anaerobic/F blood culture bottles. However, we found the following limitations: i) In cornea organ culture media the results were variable for B. subtilis for reasons we do not know. ii) In the bottles with antibiotic-containing cornea culture medium a delayed detection of microorganisms was observed, which implicates that the antimicrobial substances, despite the presence of resins, inhibit the growth of the spiked microorganisms. Thuret et al. [13, 14] investigated the effectiveness of blood culture bottles for sterility testing of cornea organ culture medium for a wide selection of bacteria and fungi. The antibiotic-containing cornea organ culture medium eradicated 5 of 14 different tested bacte-(median 7 h, range from 1-30 h). This duration was on average 9 h for the HTK solution (median 7.5 h, range from 2-29 h). For Ringer solution the mean duration until a positive reading was recorded was 10.25 h (median 6.5 h, range 1-57 h). For the cornea organ culture medium groups the duration until microbial growth was detected in the blood culture bottles was moderately longer compared to the positive controls. While this took on average 8.6 h in the positive control (median 8.5 h, range 1-18 h), the presence of cornea organ culture medium without dextran delayed this result to a mean of 22.1 h (median 19 h, range 11-42 h) and with dextran to comparable 23.1 h on average (median 14 h, range 9-78 h).
P. aeroginosa, C. sporogenes, C. albicans, and A. brasiliensis could be reliably detected in the presence of cornea organ culture medium. However, S. aureus was only found in the BACTEC™ Plus anaerobic culture vials and B. subtilis was only detected in 6 out of 8 spiked blood culture bottles.
Discussion
Blood culture bottles are a sensitive and established microbiological test system for patients suspected having septicemia [1] . They are also widely used for other liquid specimens such as cerebrospinal fluid or joint aspirate since they are easily available and ready to use. Furthermore, by using certain resins in the culture bottles also antibiotic-containing fluids can be evaluated with regard to microbiological contamination [3] .
Therefore, this system might also be suitable to analyze fluids and media used for preparation and culture of human tissues such as bone or cornea.
In an initial validation study, we evaluated Ringer solution used for thermal disinfection of bone and HTK solution as ria. The remaining 9 could be detected with a rate of 100% in the BACTEC™Plus Aerobic/F and Anaerobic/F blood culture bottles if a minimal spiking volume of 250 CFU per culture vial was used. 91% of 11 different spiked fungi (40 out of 44) with a minimal spiking volume of 10 CFU per culture vial could be detected using BACTEC™Plus Aerobic/F. iii) S. aureus spiked in the antibiotic-containing cornea culture media could only be determined in the anaerobic culture bottles. We hypothesize, that additional factors like culture conditions might be crucial to reliably detect bacterial growth in media containing antimicrobial substances. In a validation study Plantamura et al. [15] demonstrated a reliable and fast detection of all tested microorganisms in less than 48-72 h in cell culture medium without antibiotics using the BacT/Alert ® sytem. With regard to the timespan of detection of microbial growth, their data were comparable with those obtained with our antibiotic-containing media.
In conclusion the results presented here show that blood culture bottles are suitable also for sterility testing of HTK and Ringer solution in compliance with the European Pharmacopoeia chapter 2.6.1. A fast and reliable detection for all test bacteria and fungi with no difference to the positive controls could be achieved.
We could also demonstrate a high detection rate of different microorganisms in antibiotic-containing cornea culture media within a short time span using BACTEC™Plus blood culture bottles. Since bacterial growth in this fluid seems to be somehow compromised, further investigation is needed to undoubtedly confirm the suitability of blood culture bottles for sterility testing of samples containing cornea organ culture medium.
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